We report the synthesis of a novel poly(p-phenylene-vinylene) derivative bearing dodecanoylsulfanyl side-groups (12COS-PPV). Good solubility in organic solvents was achieved. The average molecular weight was around 30 000, the energy gap 2.8 eV and the thermal stability up to 130°C. Doping with iodine vapours rose conductivity to 2·10 -6 S/cm. Gas sensors made from FeCl 3 -doped 12COS-PPV showed an unusual behaviour responding to only four of the eight different organic solvent vapours tested. Recoveries from the responses are not complete, but are reproducible and can be used to discriminate between the four solvents. Quantitative analyses are also possible since there is a good linear correlation between relative response and concentration.
Introduction
The development of chemiresistors [1] [2] [3] [4] [5] , sensitive to organic vapours, based on electrically conducting poly(thienylene-vinylene) (PTV) or arylene-vinylene oligomers has been previously described [6] [7] [8] . The great interest in using organic semiconductors for this purpose is that, in contrast to metal oxide semiconductors, they operate around room temperature with very low power consumption and offer better possibilities for structural variation. An electronic nose [9] comprises a set of such chemiresistors, as sensorial units, where each unit has only partial specificity to a wide range of odorant molecules, coupled with a suitable pattern recognition system, which will not be addressed here. Instead, we shall focus on the preparation of a new polymeric material and on its behaviour as active layer in an odour-sensing device.
The polymer, poly(2-dodecanoylsulfanyl-p-phenylene-vinylene), henceforth abbreviated as 12COS-PPV, was synthesized via the electrochemical route [10] in which the last step consists in the cathodic reduction of a suitable precursor, at room temperature and pressure, hence in mild conditions. The sensor's selectivity was evaluated by exposure to eight different organic vapours chosen from the prioritized list of 'chemicals often occurring in transport accidents' compiled by Stetter [11] . These compounds have been used in tests of other gas sensors [6] [7] [8] so that comparison with previous results is possible to a certain extent.
Results and discussion

Synthetic aspects
As summarized in Scheme 1, 12COS-PPV was obtained in three steps starting with the synthesis of thioester 1, which was selectively brominated at the benzylic positions to give precursor 2. As far as we know, 1 and 2 are novel compounds and have been fully characterized by 1 H NMR, FTIR and elemental analyses, which agreed with their expected structures. The most negative of the reduction peaks observed in single-sweep cyclic voltammetry (CV) of compound 2 was used for the reduction potential of controlled potential electrolysis [10] leading to 12COS-PPV (3). The DMF-soluble polymer fraction (major product) was used for the following characterization purposes. 
Characterization
Full spectroscopic data are given in the Exptl. part. Important observations include the IR absorptions at 1705 and 962 cm -1 , which confirm the presence of the thioester side-chain and the trans-alkene structure, respectively. The E-gap of 2.8 eV was obtained from the UV-VIS spectrum. Chemical shifts and integrations of the 1 H NMR signals are consistent with the conjugated backbone and the presence of the long side-chain.
Thermal analyses, TG ( Fig. 1) and DSC (Fig. 2) , revealed the polymer to be stable up to 134°C (2% weight loss). Above this temperature, it decomposes in two main steps with inflection points at 222 and 617°C. The first step is endothermic and may correspond to the loss of the long side-chain (bond breaking and evaporation of the resulting fragments). The last steps are exothermic and practically no residual weight was observed above 650°C suggesting total combustion of the specimen. Neither melting nor a glass transition could be observed.
Examination by size exclusion chromatography (SEC) in THF solution using polystyrene standards for comparison gave M w = 31 000, M n = 19 000, M w /M n = 1.6 and n (degree of polymerisation) = 98. These data show the importance of the presence of a long side chain in enhancing the solubility of relatively high average molecular weight polymers. Pressed discs of the polymer were exposed in a closed vessel to iodine vapour, for 24 h, and the electrical conductivity measured immediately after removal from the vessel using the four-probe [12] and the two-probe [13] methods. The average conductivity was (2.0 ± 0.5) · 10 -6 S/cm, which is close to the value measured [14] for iodine-doped unsubstituted PPV (5·10 -6 S/cm) under the same experimental conditions.
Sensor response
Typical responses of four similar gas sensors, having as active layers FeCl 3 -doped 12COS-PPV thin films, to eight different organic vapours and to water are shown in Fig. 3 . The only difference between the sensors was the film thickness, which varied from about 120 nm (sensor 1) to 300 nm (sensor 4).
As can be seen, the sensors exhibited: (i) high qualitative selectivity responding to only four of the nine vapours (ethyl acetate, propanol, toluene and methanol), ignoring completely the other five. It is noteworthy that such a sensor could be used, for instance, as a single-sensor nose for detection of methanol in ethanol; (ii) excellent response reproducibility between sensors made with different film thickness; (iii) decrease in resistance during exposure. This behaviour is the opposite of the one observed with sensors based on PPV oligomers [8] , and with the data to hand it is not sensible to speculate on its origin; (iv) no response towards water vapours, which may be advantageous since water is present in almost every real sample; (v) a slow drift of the background resistance to higher values. In fact, sensors tested regularly have shown a gradual resistance increase, some of them (with thicker films) reaching values above 2.0·10
9 Ω only after about ten weeks. 
where R 1 and R 2 represent the absolute resistances measured immediately before and after the exposure to a particular vapour, and R 3 the absolute resistance after the corresponding recovery time. The relation between the relative response, R a , and the concentration has been also investigated. The plots in Fig. 5 reveal good correlations of R a with the concentration factor, C, defined as the actual concentration divided by the saturation concentration of the tested chemicals in dry air at 15°C. Thus, quantitative analyses of the four solvents tested are perfectly possible, using a single sensor.
Experimental part
Physical measurements
FTIR spectra were recorded as a KBr disc or in solution (CCl 4 ), on a Perkin-Elmer 1750 series grating. Only major or important absorptions are given. Cyclic voltammetry (CV) was carried out using a USP electronics workshopconstructed triangular-wave generator/potentiostat with a PAR RE0074 XY recorder. Controlled potential electrolysis was carried out using a potentiostat/galvanostat with an electronic charge integrator constructed in our laboratory [15, 16] . Differential scanning calorimetry (DSC) experiments were carried out on a Shimadzu DSC50 calorimeter with nitrogen as the purge gas, and thermogravimetry (TG) experiments on a Shimadzu TGA50 thermogravimeter with nitrogen or air as the purge gases. The heating rate was 10°C/min in both cases. Molecular weight determination was made by size exclusion chromatography (SEC) at a flow rate of 1 mL/min in tetrahydrofuran (THF) on a Shimadzu Class-LC10 HPLC equipped with three Supelco Progel columns (G5000 + G4000 + G3000). The molecular weight is reported relative to narrow-dispersity polystyrene standards (2500, 5000, 17 500, 30 000, 50 000, 95 800 and 184 200). Elemental analyses were carried out on a Perkin Elmer Elemental Analyser 2400 CHN. The electrical conductivities of doped polymer discs, prepared using a hydraulic press at a pressure of 1 ton/cm, were measured using either a Signatone SP4-62.5-8.5-osmium-tipped four-probe head or a two-probe head connected to an electrometer constructed in our laboratory [13] .
Syntheses
Dodecanethioic acid S-(2,5-dimethylphenyl) ester (1)
A Dodecanethioic acid S-(2,5-bis-dibromomethylphenyl) ester (2) Dodecanethioic acid S-(2,5-dimethylphenyl) ester (1.00 g; 3.12 mmol), N-bromosuccinimide (NBS) (2.81 g; 15.6 mmol) and dibenzoyl peroxide (11.0 mg) were added to dry CCl 4 (20 mL) and heated to reflux for 4 h under VIS illumination (500 W halogen bulb), then cooled to room temperature. The insoluble succinimide was filtered off, then washed with chloroform. The combined filtrate was washed with aqueous sodium chloride and then with water. After drying over anhydrous MgSO 4 and solvent evaporation, the solid was purified by column chromatography (silica-gel, chloroform/ n-hexane 1:4). 
Preparation and testing of the sensor
The sensor substrate consisted of an alumina flat plate with eight pairs of pre-printed gold electrodes with a 0.2 mm gap and 1 mm width forming four independent sensor units. These were coated with a thin film of 10% (w/w) FeCl 3 -doped 12COS-PPV (cast from a THF solution). The sensors were kept at a temperature of 37°C and placed in a small (3 cm 3 ) flow-through chamber, connected to a dedicated flow system as described in details elsewhere [6, 7] . The set-up was built to select a steady flow (100 mL/min) of air saturated by a particular solvent vapour for 1 min, followed by dry air for 4 min (recovery time) and then repeating the cycle for the other chosen solvent vapours in a random order. The saturated vapours were generated by bubbling dry air through bottles containing the appropriate solvents, immersed in a thermostatic bath at 15°C, and had the following concentrations (in vol.-%) [7] : acetone (16.8), ethanol (4.1), ethyl acetate (6.6), n-propanol (1.4), toluene (2.1), water (1.7), acetic acid (1.2), methanol (8.8) , and diethyl ether (40.4).
The electrical resistance of the contact pairs was continuously measured with an accurate multi-meter connected to a PC in which software enabled plotting resistance vs. time graphs.
Conclusions
A novel poly(p-phenylene-vinylene), PPV, derivative bearing a long-chain thioester side group was electrochemically synthesized in 60% yield. The polymer, 12COS-PPV, presented a fraction (63%) soluble in common organic solvents, in spite of its relatively high molar weight (M w = 31 000), and showed to be thermally resistant up to 130°C. UV-VIS analysis revealed an E-gap of 2.8 eV and the after-doping (I 2 ) conductivity was around 10 -6 S/cm.
Gas sensors made from thin films of FeCl 3 -doped 12COS-PPV deposited on parallel 0.2 mm spaced gold electrodes exhibited an interesting behaviour responding to only four of a series of eight different organic solvent vapours tested. Plots of relative response vs. relative recovery permit good discrimination between the four solvents (qualitative analyses) and plots of relative response vs. concentration can be used in quantitative analyses. The no-response observed for water vapours is highly desirable since humidity may be always present and is usually a problem.
